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INTRODUCTION
The study of a species colonization of a temporary pond, even in its basic components (e.g., successful invasion of a new habitat, size of the established population, recruitment mechanisms) could be informative on the capacity to form patches of individuals and their ecological significance, on the trophic interaction among individuals of the same or of other species, on the mechanisms that lead to population crashes in r strategy species. Temporary ponds and the micro crustacean based communities that they host are ideal for observational or experimental ecological studies (De Meester et al. 2005; Vanschoenwinkel & Brendonck 2010) . The combination of factors needed for successful recruitment may not materialize and time periods in which few or no species are present might not be uncommon.
The patchy distribution of zooplankton organisms is a major feature of many marine and freshwater habitats (Hutchinson 1967; Pinel-Alloul 1995; Folt & Burns 1999) . The timing and extent of either migration or swarming are affected by light levels, food resources, temperature and by all other factors that generate spatial patterns in zooplankton populations: physical-chemical, reproductive, social, coactive and stochastic processes (Hutchinson 1967; Lampert 1989) . Recent studies suggest that behavioural interactions between organisms and physical or chemical features at fine scale may also be important in generating spatial patterns (Ambler 2002; Woodson & McManus 2007) . Proximity to mates, reduction of predation and maintenance of position in a favourable habitat have been proposed as possible advantages of swarming that may be the result of a trade-off with food availability since food concentrations may be lower in the inner portion of swarms (Loose & Dawidowicz 1994) .
Population dynamics of zooplankton may be patchy in space and time. They generally show the characteristics of r-selected species: small size, short generation time, and especially in parthenogenetic taxa, rapid population growth, opportunistic exploitation of pulse resources and high colonisation ability. Some of these organisms, e.g. Cladocera and Monogononta rotifers, reproduce by alternating asexual and sexual phases. Many have the capacity to produce resting eggs tolerant of harsh environmental conditions and crowding is one of the main factors inducing production of resting eggs (Guisande 1993; Snell et al. 2001; Timmermeyer & Stelzer 2006) . Dormant stages in the so called "egg bank" have the potential to buffer population fluctuation preventing local extinctions, causing reproduction synchronisation and reducing sibling competition (De Stasio 1989; Hairston 1998; Gyllstrom & Hansson 2004) .
Ostracods, the most diverse class of Crustacea, occupy all aquatic niches, from the deep sea to temporary ponds. Between 10,000 and 15,000 living species have been described, but the number more than doubles if fossil species are considered (Meisch 2000; Wilkinson et al. 2007; Martens et al. 2008) . Shells are easily preserved in sediments and fossil ostracods are important stratigraphic and environmental indicators, with important applications in oil and gas exploration. Ostracods are a conspicuous component of the communities of temporary aquatic habitats and survive adverse periods as resting eggs (Meisch 2000) . They may be freeswimming or, more commonly, benthonic, living under aquatic plants or crawling on or through the sediment and display a variety of feeding habits as filter-feeders, detritivores, herbivores and carnivores. Carnivory may take the form of predation, scavenging and parasitism (Vannier et al. 1998) . Predation on larger animals is practiced by large and swimming marine genera (e.g., Gigantocypris and Vargula (Vannier et al. 1998; Wilkinson et al. 2007) ). According to Wilkinson et al. (2007) , in freshwater habitats, predation has been reported but not frequently. Cypridopsis hartwigi, C. vidua and Cypretta kawatai have been described as efficient predators of young Biomphalaria glabrata, the vector of schistosomiasis (Deschiens et al. 1953; Deschiens 1954; Sohn & Kornicker 1972) . Heterocypris incongruens preys on small organisms as Daphnia magna, Copepods, other Ostracods, Oligochaeta, Cladocera and insect larvae (Ganning 1971; Meisch 2000) and can be an active predator on amphibians (Ottonello & Romano 2010) . Scavengers are able to ingest massive quantities of dead or live particles that are collected using appendages shaped by selection (McLay 1978a; Meisch 2000; Wilkinson et al. 2007) . Swarming is one of the characteristics of scavenging ostracods (Wilkinson et al. 2007) . Swarms are attracted by various food sources and several hundred individuals have been recorded feeding on dead or dying animals. Fish, larvae of dragonflies and water mites are known to feed on freshwater ostracods (Meisch 2000) . In marine habitats, nocturnal, migrating assemblages are dominated by crustaceans, including ostracods. Males of luminescent cypridinid ostracods use species specific complex and ritualized swimming patterns courtship displays to attract females (Rivers & Morin 2009 ). Stepien & Brusca (1985) showed that the luminescent ostracod V. tsujii may migrate primarily to feed, may attack in swarms relatively quiescent fishes and is attracted to injured individuals. Scarce information exists on behaviour, migration and swarm formation in freshwater species. The diurnal migration described by Benzie (1984) in a bisexual population of H. incongruens in a temporary pool in West Africa was explained as a response to oxygen reduction due to higher daylight temperature.
Here we report the colonization and population dynamics that followed the release of laboratory grown Heterocypris incongruens clonal organisms, in an Italian temporary pond where the species was not present in previous years. Laboratory observations suggest that swarm formation may lead to predatory behaviour and cannibalism. We suggest that cannibalism, delayed egg hatching and the effect of swarming on population dynamics parameters may contribute to density regulation.
MATERIAL AND METHODS
Heterocypris incongruens is a cosmopolitan common species inhabiting shallow seasonal pools and small water bodies (Meisch 2000) . Fryer (1997) referred to this species as the "horse-trough ostracods" and reported that "individuals often congregate near surface, where oxygen is most plentiful, and lay many of their eggs". In seasonal pools it "often gather in masses around the very edge of the water, forming a conspicuous yellowish brown stripe" (Meisch 2000) . Parthenogenetic populations occur nearly world wide and bisexual populations are known, from circum-Mediterranean area, central and eastern Europe. H. incongruens is omnivorous: its food consists of bacteria, algae, organic detritus, dead and living plant material and the body of invertebrates (Meisch 2000) . Newborns and juveniles feed on faeces of the adults of their own species (Rossi, personal observation) . Occasionally it has been observed attacking dead and living invertebrates such as cladocerans, copepods, chironomids, oligochaetes and other ostracods (Ganning 1971; Meisch 2000) . H. incongruens is highly tolerant of temperature, salinity variations, low oxygen concentration and organic pollution (Mezquita et al. 1999; Meisch 2000) . It is the most widespread species in Northern Italy where at least 125 different clonal lineages and seasonal succession of different ecotypes were described (Rossi et al. 2003; Rossi et al. 2006) . The W type clonal lineage is the most common and widespread in the Northern Italian ricefields and temporary ponds (Rossi et al. 2006) . It is a typical "winter ecotype" well adapted to the local continental highly seasonal conditions that fares better at low temperature. Its eggs hatch, although slowly, even at 4 °C. In laboratory conditions, the W type clonal females, reared in one individual cultures, produced mostly (80-90%) resting eggs at 24-28 °C and 16:8 L:D photoperiod and only 20-40% of those type of eggs at 16-24 °C and 12:12 L:D photoperiod (Rossi & Menozzi 1990; 1993; Rossi et al. 1996) .
Field observation
The first week of May 2009 five laboratory grown W type clonal females of H. incongruens were released in a temporary pond on the University of Parma Campus (44°55' N 10°39' E, 64 m a.s.l.). In sporadic samples taken from the pond in the previous 5 years, H. incongruens had never been found. At the time, the pond was approximately 17 m long, 9 m wide and 10-15 cm deep. The W clonal lineage we used was obtained from a single female from a ricefield (Budrione, 44°41' N 10°41'E), genetically characterised by allozyme markers, and maintained in laboratory controlled conditions (24 °C and 12:12 LD photoperiod) for at least 10 generations (Gialdi, in preparation). Our field observation lasted for 13 months. Water level, H. incongruens presence, swarms formation and water oxygen saturation (Aqualytic Oxygen-meter) were recorded. At the end of our observation we checked the clonal genetic structure of the population according to Rossi et al. (2006) . Swarm formation, swarm and population densities were documented and estimated from photographic images using a Nikon D80 with a Nikkor 18-200 mm f/3.5-5.6 VR lens (for panoramic photos) or Tamron 90 F2.8 (for macro).
Laboratory observations
H. incongruens behaviour in high density was documented in the laboratory by video recording of several trials that were set up in Petri dishes (8 cm diameter, in 20 mL of pond water). In the first experiment, ten trials were designed to estimate predation of H. incongruens. Each Petri dish contained one hundred clonal females. One live chironomid larva (about 1.5 cm long, 10 times the mean size of an adult H. incongruens female) was added to three dishes. The remaining seven contained three live mosquito larvae. In the second experiment, ten trials were set up to observe cannibalism. Each Petri dish contained ten clonal females.
In July 2009 and at the end of May 2010 when the pond was drying up, adult females were sampled to observe egg-hatching phenology. Each female was reared in a single well of cell culture plate, in 2.5 mL of commercial high Calcium bottled mineral water and fed ad libitum Tolypothrix tenuis (Cyanobacteria). Females were kept on the laboratory windowsill to match natural photoperiod and temperature: survivorship and egg hatching phenology were recorded for at least 150 days. Laboratory observations were carried out and recorded using a stereomicroscope Nikon SNZ-2T with a Panasonic Digital with TV lens C-0.45×.
RESULTS

Field observations
In 2009 water was present (hydroperiod) from 25 April to 15 July. Air temperature ranged from 8.7 (on April 24) to 36.9 °C (on May 25), mean air temperature was 22.8 °C and daylength ranged from 13:59 and 15:16 hours. Since H. incongruens had not been found in the pond in previous years, it is reasonable to assume that the starting population was made up of the five W individuals released at the beginning of the hydroperiod. After 45 days, the pond harboured a large H. incongruens population made up by adult ovigerous females (about 1.4 mm in size). We estimated the population size at 30,000 -100,000 individuals. High densities and orange clusters were observed within 10 cm of pool edge (Fig. 1a) . By the analysis of 6 photos we estimated the clusters' density: 70.7 (±3.82) ind cm -2 (that is about 1600 ind cm -3 ) (Fig. 1b) . Observation over several days indicated that clustering was present between midday and 4 pm. No aggregations were observed outside this time interval. No oxygen gradient was measured between the middle and the edges of the pool and water was oxygen-saturated throughout the pool. In the first half of July 2009 the pond dried up and did not fill again until February 2010. On June 18, 72 adult females were sampled and used for laboratory observation. They produced resting and non resting eggs. We are unable to quantify the former as they were in patches of eggs numbering in the tens for females. A total of 211 eggs hatched during the 150-day observation in the laboratory: 7 eggs (3%) hatched within 7-30 days from deposition, the remaining hatched gradually starting around 60 days with a peak around 90 days when 111 eggs (53%) hatched. Net growth rate was 2.93 (hatchlings per female).
In the second hydroperiod (24 February -26 March 2010) air temperature ranged from -8.0 °C (on March 10) to 19.1 (on March 24), mean air temperature was 8.2 °C and daylength ranged from 10:45 to 12:25 hours. The 2010 population recruited from resting eggs produced in summer 2009. We estimated a population size of 14,700 individuals. On March 24 clustering was observed around 9 a.m. (Fig. 1c) . Water was oxygensaturated and no oxygen gradient was observed. In this case orange swarms were made up of pre adult females that could not reach sexual maturity since the pond had dried up by March 26.
The pond filled again on May 5 2010. The pond size was smaller than in spring 2009: 4 m long, 3 m wide and less then 15 cm deep. H. incongruens population recruited from the hatching of resting eggs produced in summer 2009 that had not hatched in February 2010 and reached high density (Fig. 1d) . We estimated a population size of 416,000 individuals. In this third hydroperiod, given the smaller pond size, it was difficult to distinguish swarms in a high density population. Juveniles were generally visible to the eye by May 12. Adult females appeared in few days later but apparently they did not lay any eggs before the pond dry up on May 30. During this third hydroperiod air temperature ranged from 10.3 (on May 7) to 32.0 °C (on May 24), mean air temperature was 17.8 and daylength ranged from 14:15 and 15:19 hours. On May 25, 95 adult females were transferred into the laboratory: they died within 10 days and laid a total of only 8 eggs that did not hatch within 30 days.
On the basis of a genetic analysis we can exclude that any resting eggs of the wild H. incongruens clonal lineages different from the W type dispersed into the pond.
Laboratory observations
Under laboratory conditions, group predation on a live chironomid larvae and small mosquito larvae were observed in all ten trials that we have carried out. In figure 2a, four-five adult females began to attack biting at the mouth and anus of the chironomid larva. As a reaction, the prey showed sudden movements but a swarm was formed. The larva was rapidly surrounded by at least 50-60 ostracods (Fig. 2b) . The release of body fluids made the larva to become progressively paler and probably attracted more ostracodes. It took about two hours to consume the entire larva (Fig. 2c) . A very similar sequence was observed on live mosquito larvae. A video is available on http://www.dsa.unipr.it/ valeriarossi/predazione.avi.
H. incongruens had also a cannibalistic behaviour, although adult females tended to avoid conspecifics showing aggressive behaviour. Both single and group attack among adult females were observed in all ten trials we carried out. At first, the approach was generally cautious; then the attacker became more and more aggressive, especially when the victim appeared submissive, or did not retreat. In successful attacks the victim's soft body parts may be consumed and all was left were empty valves. It took about 15 minutes to kill and to eviscerate the victim (Figure 2d) . A video is available on http://www.dsa.unipr.it/valeriarossi/cannibalismo.avi.
DISCUSSION
The successful invasion and establishment of a previously absent species was described and valuable new information was obtained from observations on the basic components of colonization of a temporary pond by a clonal lineage of Heterocypris inconguens. High population density was reached in a few weeks only and the abundance we have estimated in the field was compatible with net growth rate calculated from the laboratory rearings (19.9) (Cominelli et al. in preparation) . Hydroperiod was a function of local rainfall and varied greatly within the same year and from year to year: it represents a constrain that affects density, resource availability and the duration of population increase. The production of resting eggs enables the population to survive desiccation allowing the population to recruit (Hairston et al. 2000; Spencer et al. 2001) . Not all resting eggs produced in early summer 2009 (we estimated a production of 600,000 -2,000,000 resting eggs that is 20 resting eggs by 30,000 -100,000 females) hatched in the second hydroperiod in winter 2010 (that is after their first hydration). In winter 2010 water was too cold and did not last long enough to allow females to mature and lay eggs. The highest density population we observed in May 2010 could only have been recruited from resting eggs produced in 2009 that did not hatch in the first rehydration episode of winter 2010. The spread of the hatching of resting egg of a single genotype over more than one hydration episode represents a first step in the setting up of a clonal egg bank (Rossi et al. 2004; Albini et al., in preparation) . Interesting aspects of dormancy, such as risk reduction connected to environmental unpredictability and sibling competition and buffering local population extinction have been emphasized in the literature (De Stasio 1989; Hairston et al. 1996; Hairston 1998; Gyllstrom & Hansson 2004) . It is important to note that, in our case, all these aspects were referred to a clonal population and the spread of the hatching of resting egg of a single genotype represent a genuine diversified bet-hedging strategy that enhances the performance of a clonal lineage in changing environments by diversified risk-spreading (Seger & Brockmann 1987; Simovich & Hathaway 1997; Crean & Marshall 2009 ). As well, the spread of hatching over time of non resting eggs produced in summer 2009 and maintained hydrated in the laboratory for 150 days should represent a bet-hedging strategy to control population density and reduce sib competition (McLay 1978b, c; Angel & Hancock 1989; Rossi et al., in preparation) .
In the W type clonal lineage we have shown that long daylight is a crucial cue in inducing resting egg production (Rossi et al. 1993) . Under laboratory conditions (24 °C temperature and 12:12 L:D photoperiod) we observed that the W type clonal lineage net growth rate decreases from 19.9 to 3.7 with increasing density from 0.51 to 2.5 ind mL -1 and that percentage of resting eggs is not affected by these population densities (Cominelli et al. in preparation) . On the other hand, we have observed that, in crowded population (late spring 2010), fecundity decreased dramatically and did not recover even in the laboratory where conditions were suitable for reproduction. Mass mortality and failed fecundity was caused by drying and/or crowding and further investigation are needed to evaluate the actual role of density dependence in H. incongruens. Benzie (1984) reported diurnal migration of H. incongruens from a muddy to a rocky benthic substrate in a small pool in Northern Guinean savanna (Ghana) (9°11'N, 2°20'W). His "dark brown clusters" are very similar to the groups of individuals that formed every day in our pool. Development stages were also similar: in Benzie's bisexual population, clusters were made up by males, females and juveniles, in our parthenogenetic population pre adults dominated the late winter population and adult females were abundant in late spring early summer. Our estimation of cluster density was not significantly different from that of Benzie (57.4 (±17.6) ind cm -2 ) reported at 11 am (t-Student test = 0.791, gdl = 14, p <0.025). Benzie (1984) suggests that organisms migrate to avoid the reduction in oxygen associated with higher mid-day temperatures. In our pool oxygen gradients were not present either among locations (e.g., center and edges) or time during the day. Moreover H. incongruens is tolerant of low oxygen contents (Green 1959; Meisch 2000) . We could not find a simple single cause for the observed daily forming of swarms. In our parthenogenetic population we can exclude mating behaviour. In the cyclical parthenogen Daphnia longispina, Young et al. (1994) found that most individuals in a swarm belonged to the same clone and hypothesized that clones may form "unselfish swarms" which benefit the individual and the group. We observed swarm forming in different seasons with or without predators. This would justify excluding that swarms are an antipredator strategy. Migration and swarming have been observed around noon in different seasons, at different latitudes. In our late winter observation the morning occurrence could be seen happening around the median time of the sun path. We assume that sun path and/or endogenous rhythmicity may be involved in these phenomena (Enright & Hamner 1967; Ringelberg 1995; Graham et al. 2001; Cottier et al. 2006; Kao et al. 2010) .
We cannot exclude that both pre-adult and adult females were attracted by various food sources and, our laboratory observations suggest a role of swarms in group predation. Ostracod swarms on lager animals have been reported in freshwater lakes although actual predation has not been observed (Wilkinson et al. 2007) . Sohn & Kornicker (1972) showed that the rate of predation is controlled by the ostracod density and suggested to use ostracods as biological control of trematode disease owing to their significant predatory rate on vector snails. Stepien & Brusca (1985) showed that the luminescent ostracods V. tsujii migrate to feed, attack in swarms relatively quiescent fishes and are most strongly attracted to injured individuals. But, Ottonello & Romano (2010) also reported that H. incongruens is able to behave as an active predator on amphibians and showed swarms on Bufo bufo egg strings. Our laboratory observation on H. incongruens behaviour is very similar to the predation by the very different marine species Vargula hilgendorfii on live polychaetes ( Vannier et al. 1998) . From our videos it is clear that H. incongruens females attack their prey, that if prey blood or if liquid contents are released into the water attracting more individuals, that swarm causes prey death and consumation.
In the laboratory we documented cannibalism in H. incongruens clonal females. This phenomenon was described in Eucypris virens (Kiefer 1936 see Wilkinson et al. 2007 ) and we have observed cannibalism of eggs by Heterocypris males (non published data). Cannibalism is widespread in animal species: net energy gain is a crucial component of cannibalism although theoretical work did not demonstrate that food limitations are a necessary condition for its evolution (Volker et al. 2010) . Ecologists have recognised cannibalism as a density dependent mechanism having two main effects: to stabilize population numbers and to reduce sib competition (Hopper et al. 1996) . Elevated density both increases encountered probability between conspecifics and reduces per capital food availability. In the copepod Centropages typicus, crowding does not affect spawning behaviour when population densities are close to field conditions but overcrowding induced by swarming or aggregation may potentially limit reproductive success owing to cannibalism of eggs (Miralto et al. 1996) . Cannibalism rates have been shown to vary directly with population density and can contribute to population regulation by imposing greater mortality at high densities. Cannibalism removes potential competitors, and selective filial cannibalism may also decrease density-dependent mortality in offspring (Klug & Bonsall 2007) . Among the costs of cannibalism, if it involves the consumption of genetically related individuals, are losses in inclusive fitness. Cannibalism among genetically identical organisms seems an interesting case study.
We suggest that cannibalism, bet-hedging strategy in eggs hatching phenology, and a fecundity control by soft temporary crowding (swarming) could contribute to regulate population density in a typical r strategy opportunistic species such as H. incongruens (JuarezFranco et al. 2009 ). In conclusion, this means that ostracod abundance and assemblages should not only be controlled by abiotic factors and this might have important implication either for evolutionary biologists and palaeontologists.
